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terminated by a weak shock wave. Analysis of the flow within and near such pockets, particularly In the neighborhood of the terminating shock Is a crucial problem of transonic aerodynamics. A particular difficulty Is that the pressure rise across the terminating shock wave is not the same as that obtained from the RanklneHugoniot equations due to the interaction between the shock and the boundary j layer at the surface and also due to the fact that the weak terminating shock may be sufficiently thick that the shock structure is no longer one dimensional (Sichel, 1968) .
To gain some insight into this problem Hosokawa (1960a, b) , using an approximate method, obtained solutions of the inviscid transonic equation for flow past a wavy wall. With increasing free stream Mach number supersonic pockets do appear at the surface of the wavy wall, and Hosokawa's analysis always requires that such supersonic regions be terminated by a shock like discontinuity. Hosokawa's method was applied by Sichel and Yin (1969) to obtain solutions of the viscous transonic (or V-T) equation for wavy wall flow.
The V-T equation, which is discussed in a survey by Sichel (1968) In the present paper the V-T equation is first recast into a form which displays the role of the usual inviscid transonic similarity parameter, and a newly defined viscous transonic similarity parameter in transonic flows about bodies in general. Then, using the method of Hosokawa, the solution for V-T flow past a wavy wall is obtained in analytical form so that the influence of Reynolds number and free stream Mach number on the supersonic pockets which arise can b 0 . explored in detail.
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II. THE VISCOUS TRANSONIC EQUATION AND SIMILARITY
The V-T small disturbance equation has been derived (Sichel, 1968 ) from the Navier-Stokes equations by perturbing with respect to a uniform sonic flow.
But, a more general equation is obtained if perturbations are with respect to some uniform free stream velocity U near the sonic value but not necessarily equal to it. Consider two dimensional flow past a body, whose surface is given
as shown in Fig. 1 . Barred quantities are dimensional. S is the maximum _ _ _ _2 thickness, and the body shape function f(x/L) ^0(1). Then using U, p , p U as reference velocity, density and pressure; and the body length, L, as reference length, the expansions ü , 
The stretch factor A takes into account the difference in the characteristic x and y dimensions which arises in transonic flow while IT , p , p^ , and v are presumed to be 0(1), and the expansion parameter e « 1. f" is t.ie compressive or longitudinal viscosity and Pr" is the longitudinal Prandtl number.
Since the flow is irrotational to the present order of approximation introduction of a potential * reduces Eqs. (4) and (5) to
To the present order of approximation the boundary conditions will be that
where S = S/L, and that u and v must remain finite as y -* oo. At the same time the pressure coefficient C is given by Equations (13), (14), and (15), provide the basis for viscous-transonic similarity rules.
Since U L/V' Is a Reynolds number. Re, based on compresslve viscosity, the newly defined V-T similarity parameter, x can also be expressed In the 
and 77 is a length of the same order as the thickness of a weak shock wave.
Finally, in terms of a viscous length L = i/"/a ,
Since L is of the order of the mean free path, the ratio L /L is clearly a Knudsen number.
It is readily shown that at the sonic point
. x ....
00
that is the critical value of the expansion coefficient u ' equals the inviscld transonic similarity parameter.
The variation of x with S and M is shown in Fig Equation (15) implies the similarity rule that the pressure coefficient C , 2/3 2 varies as S for fixed x , X , at least to first order in (1 -M ) or e. For oo V oo geometrically similar bodies it is necessary to know the influence of the physical variables L, M , S, and L upon the similarity parameters x and x to assess the significance of the V-T similarity rule implied by Eqs. (13), (14), and (15); hence the effects of these variations have been summarized in Table I below. Case 1 in Table I 
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The problem of flow past a wavy wall provides a means of examining the effects of the parameters x and x on V-T flow since, using the method of Hosokawa (1960) , it is possible to obtain approximate solutions of the V-T equation in analytical form.
With the ordinate of the wall given by y =Ssin27r= (21) where i is the wavelength, the boundary condition (Eq. (14)) becomes
where aj= 2v L/T. The factor u) determines the choice of the characteristic length L. Thus letting w =1 implies that L = S./2ii, and, as will become evident later, is the most convenient choice. In the present formulation the influence of S and S. enters only ti.rough the similarity parameters x and x in Eq. (13), with the choice of w a matter of computational convenience,-in contrast to the previous formulation (Sichel and Yin, 1969) where tlie parameters of the problem occur in both the equation and the boundary conditions. Following Hosokawa (1960b) the potential * is split into two parts
such that 6 satisfies a linearized V-T equation with the acceleration 6 In the xx nonlinear term replaced by a constant K so that X^ +X^ -K^+0 =0 (24) v xxx oo xx x yy 0 is made to satisfy the wavy wall boundary condition (Eq. (22)) so that ^ (x, 0) = w cos cox = Re (co e )
The function g is a nonlinear correction which in view of Eqs. (13), (24), and (25) must satisfy
A key assumption in the approximate analysis, which is discussed in detail by Hosokawa (1960b) and by Sichel and Yin (1969) is that g yy (x, 0) = 0 (27) so that Eq. (26) 
U for K and the sonic point x =x*. The justification for the choice of K is discussed by both Hosokawa (1960b) and Sichel and Yin (1969) . Equations (23) 
] and the variation of the accelerating sonic point x* with x and x is shown in Fig. 6 for a subsonic free stream with x > 0. With q = 0 it has already been shown that ß= y-& = x /t*>x and that ä < 0 so that the solution for T lies in the unstable region along the negative ä axis (Fig. 7) . When q > 0 it is to be expected that the solution will, at least for some range of q, still lie in this unstable region, however iijt y-& but will depend on both q and ä. Then the solution (50) Equations (34) and (51) The flows considered here correspond to low Reynolds numbers. For example, for a body with thickness ratio S = 0.01 the range 0. 27 < x < 0.61 corresponds to64> Re >28, and 0.016 < (L /L) < 0.035 ( Fig. 2(b) ). For this value of S^ M will be very close to unity and the range 0 < X < 0. 8 corresponds to 1 > M > 0.970. Boundary layers have, of course, been neglected
In the present analysis, and the Re is based upon the wavelength or characteristic body length. In an actual flow the behavior of the free stream shock wave will also be influenced by disturbances induced in the boundary layer by the rapid free stream compression. Then on appropriate Reynolds number to describe the behavior of the flow near the shock wave might be more appropriately based upon a length characteristic of the boundary layer thickness rather than the length of the body. It is thus possible even when the Reynolds number based on L is extremely large, that the local Reynolds number governing the shock behavior may be extremely small, that is of the same order as the Reynolds numbers considered here.
As compared to the previous paper on wavy wall flow (Sichel and Yin 1969) it has now been possible to obtain solutions in analytical form. The ratio of wall amplitude to wave length and to a viscous length appears here only through the parameters x and x whereas these ratios were introduced through the 26 boundary conditions in the previous paper. It is difficult to compare the present results to those obtained by numerical integration in the previous paper although there seems to be some difference. In particular, with a sonic, free stream the location of the inviscid shock and the viscous compression do not coincide as in the present paper. As pointed out in Section 5 above there are several solutions for C which are periodic but only one has the proper limiting behavior as the wall amplitude S -0. While it is easy to choose the appropriate solution here, the difficulty of discriminating between the different solution branches when numerical integration is used may account for the differences between the previous and present paper. 
